Abstract-This paper aims to investigate the electromagnetic properties of magnetite/epoxy resin composites in the range of 8.2-12.4 GHz (X-band) frequency. The crystalline structure of magnetite (Fe 3 O 4 ) powder was confirmed by X-ray Diffraction (XRD). The magnetite powder with different weight percent (4, 8 and 12 wt%) was dispersed into epoxy resin (with ratio 2 : 1 epoxy and hardener) matrix mixture and poured into rectangular waveguide sample holder with dimensions (22.86 width ×10.16 height ×2 thickness) mm. The magnetite/epoxy resin composites were cured under room temperature for 24 hours before grounded and polished. Density kit was used to measure bulk density of the composites and the result showed an increment as the wt% of magnetite increased. Surface morphology of the composites were examined by Field Emission Scanning Electron Microscope (FESEM). The effects of epoxy resin containing different wt% of magnetite on scattering parameters, relative permittivity, ε r and permeability, μ r electrical conductivity, σ and absorption coefficient, A were studied. Scattering parameters of reflection, S 11 and transmission, S 21 , were measured by vector network analyser (VNA). The complex ε r and μ r were calculated by Nicolson-Ross-Weir (NRW) conversion technique using the measured complex S 11 and S 21 . The 12 wt% composite had the highest value of real part of permittivity due to greater reflection coefficient and also highest dielectric loss factor. Each of the composite had very low magnetic loss mechanism and the value of μ r was nearly unity. The σ of the composites increased with frequency where the 8 and 12 wt% contents showed highest value of conductivity. The loss due to sample's absorption, A was calculated using A = 1 − |S 11 | 2 − |S 21 | 2 and it was found that 12 wt% had higher absorption.
INTRODUCTION
Recently, electromagnetic (EM) pollution has emerged due to the rapid growth of electronic devices in telecommunication area, such as wireless communication industry and military [1] . The development of RF/microwave electronic devices without control will create severe EM pollution that will affect human health and degrade the performance of electronic devices [2] . Thus, microwave absorbing materials have been designed to reduce the EM radiation from telecommunication devices [3] . An ideal microwave absorbing material will have the several properties, such as low density, light weight, low cost, high absorption power, wideband absorption capability and design flexibility [4] .
Iron oxides have been widely usedas an electromagnetic wave absorbers due to low cost, abundance, non-toxicity and chemical stability [5] . Among the iron oxides, magnetite particles have been extensively investigated for microwave absorption application [6] due to microwave absorption capability, half metallic properties and strong spin polarization at room temperature [7] . In general, the fabrication of electromagnetic wave absorption material involves mixing a small amount of absorber particles with polymer matrix [4, [8] [9] [10] .
In this paper, magnetite/epoxy resin composites were prepared by dispersing magnetite fillers into epoxy matrix mixture. The weight percent of magnetite fillers varied from 4 to 12 wt%. The obtained composite samples were analyzed by Field Emission Scanning Electron Microscope (FESEM). The microwave absorption properties of magnetite/epoxy resin composite with 4 to 12 wt% were studied at X-band frequency region. The electromagnetic properties of composites were calculated using Nicolson-Ross-Weir (NRW) technique and discussed in detail. In addition, the scattering parameters of composites were validated by comparing the experimental values with the simulation results.
MATERIAL AND TEST METHOD

Sample Preparation
Magnetic powder used was manufactured by the Alfa Aesar (97% purity) and its density specification was 5.2 g/cm 3 . The epoxy resin and hardener were prepared in 2 : 1 ratio and mixed. The epoxy resin has been chosen among other polymer matrixes for preparation of this microwave absorbing materials owing to its corrosion resistance, low viscosity and easy to processing. Up to 0.2 ± 0.0001 g of the magnetite powder was dispersed in the epoxy matrix mixture and followed by stirring process to ensure the dispersion was uniformed. The stirring rate should be controlled in order to reduce bubbles in the epoxy matrix mixture. The magnetite epoxy composites were poured into a X-band rectangular waveguide sample holder with dimensions (22.86 width × 10.16 height × 2 thickness) mm, and left to cure at room temperature for 24 hours before grinding and polishing. The processes were repeated for 0.4 g and 0.8 g of magnetite powder. 
Measurement Method
The crystal structure of magnetite powder was determined using Rigaku MiniFlex II model XRD filler amounts were measured using Mettler Toledo XS64 model density kit. The morphology of composites was characterized using JEOL JSM-7600F model FESEM. The scattering parameters of reflection, S 11 and transmission coefficients, S 21 were measured using Keysight E5071C VNA in the operating frequency range of 8.2-12.4 GHz.
Nicolson-Ross-Weir Technique
The raw complex S 11 and S 21 of the finite thickness sample filled in waveguide holder were measured by VNA. The value of actual reflection coefficient, Γ and transmission coefficient, T of the infinite sample can be deduced from the measured S 11 and S 21 as:
(1)
The complex ε r (= ε r −jε r ) and μ r (= μ r −jμ r ) of the sample were calculated by Nicolson-Ross-Weir technique as:
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where λ o = free space wavelength, λ c = the cutoff wavelength, L = sample thickness. Figure 3 shows the XRD patterns of magnetite powder. Figure 4 shows FESEM image of the magnetite/epoxy resin composites with different magnetite fillers from 4 to 12 wt%. Magnetite fillers are the white regions. Random and uniform dispersion of magnetite fillers were found in the epoxy matrix due to the stirring process hence aggregates of magnetite fillers before the curing process. The compactness of magnetite fillers dispersed in epoxy matrix was obviously difference among the composites. The morphology of the magnetite fillers weremore packed for 12 wt% of dispersion compared to others. Figures 6(a) and (b) show frequency dependence of real part ε r and imaginary part ε r of permittivity that represent dielectric constant and loss factor, respectively. The values of ε r were almost constant over measurement frequency except a slight decrement started from 10.5 GHz and upwards. In general, significant changes could be observed as the weight percent of magnetite fillers was increased. The ε r for 4, 8 and 12 wt% were 3.30, 3.68 and 3.88, respectively. The values of ε r were almost constant along the frequency range before gradually increased over 10.5 GHz for all samples. The value of ε r for 4 wt% was between 0.13 and 0.16 while 0.22 to 0.29 for both 8 and 12 wt% that the latter seemed overlapping to each other. It could be deduced that both values of ε r and ε r increased due to the enhancement of the dipolar polarization of Fe 2+ and Fe 3+ ionsin the magnetite. Dipolar polarization occurs by transferring electrons between Fe 2+ and Fe 3+ ions pairs at neighboring octahedral sites which attributed to the ε r . The ε r increases when the number of Fe 2+ and Fe 3+ ions increased [12] [13] [14] . Figure 6(c) shows the relationship between electrical conductivity, σ and frequency of magnetite/epoxy resin composites with different magnetite fillers content. The electrical conductivity, σ was calculated by σ (S / m) = 2πf ε o ε r . Generally, the value of σ increases with frequency due to the increase in ε r .
RESULTS AND DISCUSSION
(a) (c) (b) Figure 6 . The magnetite/epoxy resin composites frequency dependence of (a) ε r , (b) ε r , and (c) σ.
Figures 7(a) and (b) show frequency dependence of real part μ r and imaginary part μ r of permeability that represent magneticstorage and magnetic loss respectively. The values of μ r of the magnetite/epoxy resin composites fluctuated from 0.91 to 1 while the μ r varied between 0 to 0.08 along the frequency range. This is because of both natural resonance and exchange resonance contributed to multi resonance phenomena [15] where the natural resonance of magnetite occurs at about 3 GHz whereas another resonance can be observed at 10-12 GHz for the composites [16] . The resonance may be attributed to exchange resonance that proposed by Aharoni et al. [17] .
Figures 8(a) and (b) illustrate a comparison between experimental values and simulation results of scattering parameters of magnetite/epoxy resin composites as a function of frequency. Normally, the measured |S 11 | increased as the wt% of magnetite increased whereas the measured |S 21 | was vice versa due to the densely packed of magnetic fillers dispersion. The extracted values of ε r and μ r were used in the simulation (using COMSOL Multiphysics). The simulation results of |S 11 | and |S 21 | showed a good agreement with the experimental results. Figure 9 shows absorption coefficient of magnetite/epoxy resin composites. The absorption coefficient, A was calculated byA = 1 − |S 11 | 2 − |S 21 | 2 . Commonly, the value of A increased with magnetite fillers content in the composites. The 12 wt% of magnetite in the composites had the highest absorption coefficient, A that was due to the greater content of magnetite fillers in epoxy resin matrixand losses mechanism compared to 4 and 8 wt%. 
CONCLUSION
Three different magnetite contents (4, 8 and 12 wt%) wereprepared in this study by dispersing magnetite powder into the epoxy matrix mixture. The density, electrical conductivity, σ and absorption coefficient, A of magnetite/epoxy resin composites increased with magnetite powder contents. The composites with 12 wt% magnetite powder content had the highest values of the density, σ and A compared to 4 and 8 wt% magnetite powder content.
